Introduction
Type I diabetes mellitus (TIDM) is the most common metabolic disorder resulting in the destruction of insulin producing pancreatic β-cells by lymphocytic infiltration (1) . Genetic predisposition is important in the development of TIDM (2) . In addition, some environmental factors such as viral infection, vaccines, low levels of vitamin D and dietary factors during infancy may trigger the development of TIDM in those individuals with genetic susceptibility (2) . Some metabolic and physiologic processes lead to reactive oxygen species (ROS) in the body. ROS are highly reactive molecules derived from the reduction of oxygen and can be harmful to some cell structures such as carbohydrates, nucleic acids, lipids and proteins (3) . Their elimination is provided by the antioxidant defence system (4) . Oxidative stress is the loss of balance between prooxidant and antioxidant systems (5) . Oxidative stress may play a role in the pathogenesis of human diseases. Many studies have investigated the relationship between oxidative stress parameters and various diseases such as some cancers, cardiovascular disease, Type II diabetes, cataracts and aging (5) (6) (7) (8) (9) . Oxidative stress is believed to play a role both in the initial pathology of diabetes and in the development of vascular complications during the course of the disease (10) (11) (12) . It can cause irreversible damage to the β-cells of the pancreatic islets (13) . As a result, diabetic patients are susceptible to developing atherosclerotic cardiovascular diseases at early ages compared to healthy subjects (12) . Many antioxidants are produced in the body to prevent the harmful effects of these oxidants (1). This study measured paraoxonase (PON) and arylesterase (ARE) activities as antioxidants, and the level of malondialdehyde (MDA), an end product of lipid peroxidation and the level of zinc which is a trace element acting as antioxidant in children with TIDM and also healthy control subjects. We aimed to compare them between groups and to investigate whether these parameters are associated with metabolic control, gender and diabetes duration.
Materials and Methods

Study Groups
The patient group consisted of 41 children and adolescents with TIDM (mean age 11.4±3.3 years, 20 males and 21 females). The patients were diagnosed according to criteria provided by American Diabetes Association (14) and the presence of positive autoimmune antibodies. Exclusion criteria were as follows: other systemic diseases, abnormal renal/hepatic biochemical values or macrovascular complications. The control group consisted of 25 healthy subjects (mean age 11.3±3.1 years; 8 female, 17 male). The study was approved by the University of Health Sciences, İstanbul Haseki Training and Research Hospital Local Ethics Committee (approval number: 48-11/10/2013). Written informed consent was obtained from each child included in the study or their parents before enrolling in the study. All patients had been treated with fast-and longacting insulin therapy from the onset of the disease. Data about the duration of illness and onset of the disease in those children with TIDM were obtained from the parents. Biochemical parameters such as glycosylated hemoglobin A1c (HbA1c) levels were determined in each child. The patients were also divided into subgroups according to their gender, glycaemic control (optimal and suboptimal glycaemic control: <9%; poor glycaemic control: ≥9%) (12) and duration of disease (≤1 year; >1 year).
Biochemical Analysis
Venous blood samples were collected after overnight fasting and were centrifuged at 2.000 rpm for 20 minutes; serum samples were stored at -70 o C until assayed. PON and ARE activities were measured by an enzyme-linked immunosorbent assay (ELISA) technique using an ELISA kit (Eastbiopharm, USA). The PON activity was determined using paraoxon as the substrate and measured by increases in the absorbance at 412 nm due to the formation of 4-nitrophenol. ARE activity was determined by measuring the rates of phenyl acetate and paraoxon hydrolysis at 548 nm. MDA was analyzed by a spectrophotometric method. MDA was measured using thiobarbituric acid (TBA) reaction substance production in the following manner. 50 µL of sample was added to 750 µL of acetic acid (20%), 100 µL SDS (8.1%), 750 µL TBA and 350 µL distilled water. The mixture was heated at 100 °C for 45 min. Then, 0.5 mL of distilled water and 2.5 mL of butanol-pyridine 15:1 were added to the mixture and incubated. Then, the absorbance at 532 nm was determined. Zinc was detected by a spectrophotometric method. HbA1c was analyzed using ion-exchange high performance liquid chromatography (Adams A1c, Arkray).
Statistical Analysis
SPSS (Statistical Package for the Social Science) 15.0 for Windows was used for the statistical analysis. Qualitative data are presented as counts and percentages. The association between qualitative variables was assessed using a chi-square test. Quantitative data are presented as mean ± standard deviation for normally distributed data or otherwise as median and interquartile range. Student's t-test for independent samples was used to check for differences between two independent groups of normally distributed data and also by the Mann-Whitney U test. Spearman correlation coefficient was used to assess the relations between quantitative variables not following a normal distribution. P<0.05 was considered as statistically significant.
Results
The study group comprised of 41 children and adolescents that were diagnosed with TIDM. Some markers related to oxidative stress were compared with a known control group of 25 healthy children and adolescents.
The mean age in the group was 11.4±3.3 years (range 3.5-18 years) and was similar to the control group 11.3±3.1 years (range 6-16 years) (p=0.912). There were 21 female/20 male (51.2% female/48.8% male) in the TIDM group and 8 female/17 male (32.0% female/68.0% male) in the control group. The gender distribution was similar in both groups (p=0.127). The main characteristics of the groups in the study are summarized in Table I . The average time from diagnosis of TIDM to participating in this study was 34.0±49.2 months (range 0-192 months). The average HbA1c value in the patients with TIDM was 11.0±2.5% (range 6.8-15.3%). While 28 of the children with TIDM had poor metabolic control, 13 patients had good metabolic control (Table I) .
Regarding PON activities and zinc levels, we found statistically significant lower values for the diabetics compared to the controls (p<0.001, p=0.021, respectively). Also, ARE activity was lower in the diabetics vs. the controls, but not statistically significant (p=0.177). MDA levels of the diabetic patients were not statistically significant different from those of the controls (p=0.402) ( Table I) . We compared the parameters measured in the diabetic patients and the control group according to gender (Table II) . We did not observe any significant difference between female and male children for PON, ARE activities, MDA and zinc levels (Table II) .
We stratified the patients according to disease duration above and below one year. We did not observe any significant difference between children having a diabetes duration above one year and those below one year for PON, ARE, MDA and zinc (Table III) . We compared the parameters measured in the diabetic group according to metabolic control. There was not a statically significant difference between children with poor and good metabolic control for PON, ARE, MDA and zinc (Table IV) . A negative correlation was observed between zinc and HbA1c in children with TIDM (Rho=-0.317, p=0.049). Age was positively correlated with ARE and MDA in the diabetic subjects (Rho=0.335, p=0.007; rho=0.299, p=0.016 respectively) ( Table V) .
Discussion
Free oxygen radicals interact with cellular components such as proteins, lipids and nucleic acids and start lipid peroxidation (15) . In an organism, production of free oxygen radicals and antioxidant defence mechanisms are in balance, and as long as this oxidative balance is kept, oxidative stress cannot damage the organism (1, 15) . Diabetes mellitus is associated with an endogenous inflammatory process and oxidative stress (1, 10, 13, 16, 17) . The destruction of insulin producing β cells in TIDM patients elevates the plasma sugar level (18) . It is a thought that high glucose levels trigger oxidative stress and increase ROS in diabetics (18) . In addition, the balance between oxidative and antioxidant processes is sensitive to the plasma glucose level (19) . Therefore, an increase in ROS is generally accompanied by a decrease in antioxidant defence in TIDM patients (18, 19) . Prolonged oxidative stress may be associated with chronic complications of diabetes. As a result, diabetic patients are predisposed to atherosclerosis beginning at an early age (20) . Most of the studies addressing these mechanisms were performed with diabetic adult patients (17, (20) (21) (22) . Therefore, the present study aimed to evaluate the biochemical markers of oxidative stress in children with TIDM. The end product of lipid peroxidation, MDA is an important marker of oxidative stress (23) . High MDA levels were showed in diabetics (21) (22) (23) (24) . In some studies, statistically significantly higher levels were reported for patients with poor metabolic control than in patients with suboptimal and optimal metabolic control (17, 21, 23, 25) . These studies suggested that high glucose levels lead to lipid peroxidation and consequently to increased MDA (25). Erciyas et al. (23) proposed that the elevated MDA levels in children with TIDM with poor metabolic control may lead to vascular complications. Also, they recommended that MDA should be added to the routine laboratory evaluations in the follow-up of these patients (23) . In contrast to these studies, Reis et al. (20) reported low MDA levels in patients with TIDM. In our study, MDA was similar between children with TIDM and the healthy controls. Also, MDA was not different between the groups in terms of disease duration, glycaemic control and gender. The reason for the different results in the studies is probably that many different enzymes and proteins play a role in oxidative stress. Enzymes with important functions in the fight against free radicals are known as antioxidants. PON and ARE have antioxidant and antiatherogenic effects. They are encoded by the same gene (26) . Although PON shows polymorphic change, ARE does not show a genetic polymorphic change (26) . There are studies indicating that PON polymorphism is a genetic predisposition to the complications of diabetes (27, 28) . Also, although the two enzymes have different natural substrates, the PON has the ability to hydrolyse phenylacetate, the natural substrate of ARE. PON prevents lipid oxidation which plays an important role in the development of micro-and macrovascular disease (12, 27) . Studies showed that PON activity was statistically significantly lower in patients with Type I diabetes compared to control groups (12, 28, 29) . Craciun et al. (12) did not observe a correlation between PON activity and HbA1c in children with TIDM. In our study as in that of Craciun et al., (12) PON activity in the patient group was statistically significantly lower than in the controls but its correlation with HbA1c was not observed. Although ARE activity was lower than the control group; this difference was not statistically significant. This result can be attributed to the fact that ARE activity is weaker than PON activity. However, the reason for decreased PON activity in patients with TIDM observed in our study as with studies of other investigators is still not fully understood (29) . A possible explanation could be a modification of the enzyme's active centre affected by the glycation process. Even though we did not observe a negative correlation between the HbA1c value and PON activity, we speculated that lower PON activity in Type I diabetic patients could be the result of chronic hyperglycemia. Răchişan et al. (30) showed lower activities of PON and ARE in girls with TIDM than boys with ARE. There was no difference in PON and ARE activities in terms of gender in our study. In a study using a diabetic rat model, MDA and blood glucose were reduced in rats with TIDM treated with curcumin but superoxide dismutase and insulin increased (13) . Curcumin is a kind of spice extensively used in Asian countries. It has antioxidant and anti-inflammatory effects (13) . The antioxidant treatment is thought to improve beta-cell dysfunction, but the results are uncertain (31) . Zinc is an essential element for the storage, secretion and action of insulin (31) . In addition, it is a key co-factor of many antioxidant enzymes and also helps decrease the effects of inflammatory substances and oxidative stress (31) . Zinc stimulates the synthesis of metallothionein, which cleanses hydroxyl radicals (31) . Zinc transportation to insulin vesicles is facilitated by ZnT8 which is a transmembranic protein (31, 32) . Antibodies against ZnT8 are produced in patients with TIDM (33) . A study from Sweden showed that low zinc in drinking water is associated with the risk of developing Type I diabetes during childhood (33). Lin et al. (34) did not observed a significant difference in zinc levels between diabetics and controls. As opposed to this study, serum zinc levels in our study were significantly lower in the diabetic patient group than in the control group. The reason for decreased zinc levels in our study is not clear. But a negative correlation with HbA1c was observed in this study. This result suggests that the decrease in zinc may be due to hyperglycemia. The small sample size was the main limitation of this study.
Conclusion
PON, ARE activities and zinc levels were lower in children and adolescents with TIDM, but the decrease in the ARE activity was not statistically significant. In addition, a negative correlation was observed between zinc and HbA1c. Our results showed that the antioxidant defence systems decreased in children with TIDM. We conclude that antioxidant enzymes should be at normal levels to prevent or delay the complications of Type I diabetes in children, so we suggest that children with TIDM should adopt more physical activity, a healthier diet and less stressful lifestyle.
